Neste estudo, extratores à base de amina (Alamine 336, Alamine 308, Alamine 304 e Aliquat 336) diluídos em querosene foram usados para extração de urânio e separação de outros elementos associados. Alamine 336 foi o melhor extrator para o processo de extração de urânio de soluções de sulfato quando comparado com outros reagentes à base de amina, Alamine 308, 304 Alamine 336 e Aliquat 336. O comportamento da extração sinérgica foi estudado com aminas como extratantes assim como reagentes sinergistas e organofosforados usados em misturas sinergistas com aminas. Os estudos de extração sinérgica com aminas não foram adequados entre si para melhor eficiência da extração. No entanto, aminas misturadas com extratores organofosforados forneceram comportamento sinérgico positivo, com um coeficiente de 0,567, calculado a partir de resultados obtidos. A metodologia desenvolvida foi aplicada ao processamento de minério de baixo grau de urânio, e 99,83% de urânio foi recuperado sem interferências de outros metais.
Introduction
Uranium needs are going very fast in new millennium life styles. In this endeavor, researchers are developing new extractive methodologies for uranium recovery from its other associated elements. Uranium is the main source to generate the atomic power as cheap and more quantity of the electricity can be generated to full fill the country demands. For recovery of the precious and rare metals through hydrometallurgical treatments, there is the possibility to develop environmental friendly methods and the vast amount of ongoing research worldwide underline the enormity of interest in hydrometallurgy. The hydrometallurgical operations involve many techniques, one of the main and important of them was solvent extraction processing. The technique of solvent extraction (also called liquid-liquid extraction) has played most important role in analytical, separation science as well as environmental sciences and has been used since long time (since 1842). For the extraction and separation of metals from various sources, this technique is the very simplest, easily handled and economically cheapest technique when compared with other analytical and separation techniques.
Amides/amines are the main classes of nitrogen based compounds used for uranium extraction and separation technology. A great number of amides [1] [2] [3] [4] [5] [6] and amines [7] [8] [9] [10] [11] [12] Vol. 23, No. 7, 2012 was used for the uranium extraction from various sources. Extraction yield of uranium(VI) is higher than that of plutonium(IV) using dioctylethylhexanamide (DOEHA) and diisobutylethylhexanamide (DIBEHA) as extractants. 2 The dependence of the distribution ratio on the concentration of nitric acid shows that N,N'-dimethyl-N,N'-dibutylmalonamide (DMDBMA) has ability to extract uranyl(VI) ions, while the extracting capacity for lanthanide(III) ions is not enough for the application in practice. 4 The distribution ratios for the extraction of uranium and thorium show second-and third-order dependences, respectively, on the extractant concentration for both the N-alkyl and N,N-dialkyl amides. 5 The results of extraction study suggested the formation of the 1:2:1 uranyl(II) ion, nitrate ion and N,N,N,N-tetrabutylsuccinylamide complex as extracted species. 6 Extraction of uranium and separation of thorium/fission products from hydrochloric acid solutions using tri(iso-octyl)amine as extractant were investigated. 7 The extraction of uranium(IV) from aqueous sulfuric acid media by tri-octylamine (TOA) in benzene was studied as a function of various experimental parameters. 8 The recovery of uranium from acid heap leach liquor using tertiary amines (tri-n-octylamine) chosen as extractants because of their high selectivity and efficiency was investigated. 9 The distribution of uranium(VI) between an acidic sulfate solution of ionic strength 1.0 and non-aqueous tri-n-octylammonium sulfate solutions of practical significance in the processing of uranium ores was reported. 10 Separation of technetium(VII) from uranium(VI) was studied through experiments on the coprecipitation of technetium(VII) (with precipitation of ammonium diuranate). 11 Extraction behavior of uranium(VI) from nitric acid medium was investigated using organophosphorous extractant, tri(butoxyethyl) phosphate in n-paraffin at room temperature 27 ± 1 °C. 13 The extraction behavior of new bi-functional ligands containing sulfoxide and amide groups toward the uranium(VI) ion from nitric acid was studied. 14, 15 Three structural isomers of di-amides were synthesized and investigated on extractability toward uranium(VI). 16 Back extraction studies revealed that among all common strippants used, 0.5 mol L -1 solution of (NH 4 ) 2 CO 3 was the most suitable.
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N,N-dialkyl aliphatic amides with varying alkyl groups were compared with organophosphorous extractants, tri-n-butyl phosphate (TBP) for third phase formation behavior during the extraction of uranium(VI) from nitric acid medium. 18 In UO 2 (NO 3 ) 2 extraction with quaternary ammonium nitrate and dialkylphosphinic acid solutions in toluene, the compounds (R 4 N) 2 UO 2 (NO 3 ) 4 and UO 2 A 2 are formed in the organic phase, respectively. 19 Alamine 336 used as extractant for uranium extraction from sulfate solutions was reported. [20] [21] [22] Our recent review work concluded that nitrogen based extractants such as amines are good class of organic complexing extractants for uranium extraction and separation from its leach solutions. 23 A very limited number of uranium deposits was identified in Korea and the ores had the low grade uranium values. Solvent extraction is the most convenient analytical technique and easily handles bench scale to pilot plant operations. The aim of the present study is to establish the optimum conditions for uranium recovery from Korean domestic ore acid leach liquors without other impurities. Amine based extractants are proved as novel extractants for uranium extraction and separation from other associated elements. Separation of uranium from other associated elements is desired in view of its increasing demand in nuclear energy program. In this endeavor, it is described a simple procedure for the separation of uranium by its extraction. The leach liquor contains uranium with other elements such as iron, zinc, nickel, aluminum and manganese. Extraction methodologies were developed in synthetic solutions and later it was applied to uranium low grade ore processing by solvent extraction technique.
Experimental

Apparatus
Analysis of uranium(VI)/other elements content in aqueous solutions was performed using inductively coupled plasma optimal emission spectrometer (ICP-OES) Perkin Elmer Model Optima 2000 Dr. Operating conditions of ICP-OES for uranium and other associated metal analysis is presented in Table 1 . 
Analytical (solvent extraction) procedure
Distribution ratio of the metal was determined by shaking equal volumes (25 mL) of aqueous and organic phases for 30 min in a glass stoppered vial using a mechanical shaker at 25 ± 0.5 o C. Preliminary experiments showed that the extraction equilibrium was attained within 30 min for uranium with all four amine based extractants from sulfate solutions. The organic and aqueous solutions were then allowed to settle, the phases were separated, and uranium in the aqueous phases was determined by ICP-OES. The concentration of metal ion in the organic phase was then obtained by mass balance. The distribution ratio (D e ) was defined as the ratio of the concentration of metal ion in organic phase to that in the aqueous phase (D e = metal in organic phase / metal in aqueous phase). The back extraction of the metal from loaded organic phase calculated by distribution ratio, D s was defined as the ratio of the metal concentration in aqueous phase divide by loaded organic phase. Experimental data of distribution ratios of aqueous phase to organic phase metal transfer presented general agreement within ± 5%.
Results and Discussions
Time effect
The present extraction process developed by first experiment conducted on time effect indicates that 10 min time is more than enough to reach the extraction equilibrium with all extractants Alamine 336, Alamine 308, Alamine 304 and Aliquat 336 (experimental conditions: 0.1 mol
The experimental results demonstrated that with Alamine 336 extractant, the percentage extraction increased from 52 to 55% by the time varying from 1 to 120 min, similarly in case of Alamine 308 extractant system from 35 to 39%, Alamine 304 extractant system from 7 to 10% and Aliquat 336 system from 38 to 41% extraction of the metal concentration were observed. The equilibrium time was optimized as 30 min for uranium extraction as well as back extraction (stripping) process in the entire experiments. In the present investigations for uranium extraction and other element separations using amine based extractants, the following experimental conditions are constant for the all experiments: time of 30 min, temperature of 25 o C and aqueous:organic ratio (A:O ratio) of 1:1 that means unit phase ratio.
Acid effect
The first step of the solvent extraction process development is to know the optimum acidic condition or pH condition to quantitatively extract the targeted metal. 
Extractant effect
To optimize the extractant concentration for 1.0 mmol L -1 uranium extraction, the extractant effect was studied in the range of 0.005 to 0. In the present study, a wide range of acid concentration was studied. In lower acidic concentrations, from 0.005 to 0.1 mol L -1 sulfate concentration, the amine based extractants follow the protonation mechanism. Thereafter, the ion-exchange mechanism is followed up to 3.0 mol L -1 sulfate concentration for all amine based extractants except for Alamine 308.
Phase ratio effect
Phase ratio (A:O ratio) was studied using 0.005 mol L 
Synergistic studies
The main objective for the synergistic extraction is to recover the maximum metal using low concentration extractant with synergist. The synergism is measured by synergistic coefficient factor (S.C.). 25 The S.C. values revealed that the synergistic behavior in the extraction processing is positive if S.C. is higher than 0, negative if S.C. is smaller than 0 and has no effect when S.C. is equal to 0. On the other hand, the synergistic enhancement factor (S.E.F.) refers to the enhancement of the extraction efficiency when the metal ion is contact with two extractants for the extraction process. In the present study, the uranium extraction efficiency improvement was targeted through mixture of amine based extractants The synergistic enhancement factor of the all amine based extractants is presented in Table 3 .
The results are presented in Figure 5 and clearly demonstrated that all systems related to amines gave negative synergistic behavior, whereas organophosphorus reagents showed positive synergistic behavior.
The order of the synergistic behavior with organophosphorus reagents were as follows: The present study concluded that amine based extractants were not suitable for synergistic improvement of the uranium extraction with each other. In contrast, organophosphorus reagents were well suitable for synergism through mixing with amine based extractants for uranium extraction process. The results clearly demonstrated that HNO 3 was the best stripping reagent for uranium back extraction from the loaded organic, at the same time by environmental protection point of view, H 2 O was the best stripping reagent except in case of Aliquat 336 as extractant (Figure 8 ). 
